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Reference X.R. 841/4.

SULI IARY.

A miniature proof-stand. has been constructed for
fundamental studies of the -oropertics of rocket fl,-mes.
The rocket motor gives c thrust of 30 lbs. and is cooled
so that propellants with the hi,-hes t combustion temperctures
con be used.

The design is described in detail and su.a,eations
for futgre developments are made.



INTRCu TTION.

The principles of the dcsm -nd nostrut, c if :ocket
mjotors oper< tins- with conventionol licuid --rc-.nliPnts h,ave been
developed up to now on a >octical basis. utur. developrfnts,
such as improvements in efficiency of existin_ fro,Clants and
the utilisation of new very hi,h pcrformancc ;-rou_lPnts require
a much sounder theoretical basis. Tus, for exar"ple, all heat

transfer calculations are basc4 cssentialiy on formul%t which are
extrapolations from much siss sevcre conditions, lower temperatures
and pressures, and lower flow velocitie.

i_ost rocket motor proofstands are desi.-ncd for the evaluation
of propellant performance in motors of fromi one huna xcd pounds to
severEl thousand pounds thrust. Expcrixrc has shown that it is
impossible to combine fundamcntDl work ': ith routine tcstin,7.
Further, the flexibility of such a proofst,nd is limitcd; it tmay

be ecsirablc for instsncc, to use much hi.-;hcr combustion prcasuv.s
(100 ats. or more) for hcat transfer studies and this is not
easily practicable in 1,Ir motors beu,eusc of constiucttonLal nd
operational difficulties. In many cases, moreovcr, Jons runs
may be necessary and this involves (avre quantities of iropcllnts.
Finally certain investi,:ations require valuable and static
equipment, which should not be moved once it has bccn set up.
This is clearly not desirable on large proofstands where,apart
from the greater risks of destruction sensitive cquirement when not
in use is a handicap.

For these reasons miniature proofstands, each desi'ned for
One specific type of fundamental research, have bccn constructcd
in such a way as to j-ive a wide ran,-c of opcrat.nj7 condition-s.

2. GERAL bEoiGP CONSI!DEATIONS

2.1. lropellcnts.

As the object of the work proposed was the invcstigation of
hi h velocity ot ses cnd flamcs, it was clcarly dcsir.blc
to choose n propellant system which ga. ve the smallest hsa - rds
rnd least difficulty in handling. Of the known oxiid,rts
gaseous oxygen was the obvious choice, because it Js com,, letly
stable, non-corrosive -a,nd can be handled by 1,7well established
techniques. The standard fuel chosen for the initial iork
was 4 high 7rade acro cn,gine. Diesel oil bccause it .ivcs high
combustion temperatures, is safe to manipulate .nd has bccn used
-s a rocketi'fucl extensivcly(l). Rather cotplctc thcrmodynaric
data is avilable for this -ro.oellant s7-ste (2.3).

2.2.TYPe of iiotor.

Lost types of m)otors which hove been dcvclapcd have
operated at a combustion prcssurc of about 20 ats. rnd tiiis v,s
therefore acce ted as a stanudrd -ressure for the first mini-tur..
motors. Part of the vork ilenned with this ri,itor ,as an invcsti ,-
tion on the attcnuatin; roIpcrtics of flames. The sti llcst
Radar equipment was for K-banu radiation (about 1.4 cm wave
length) which rcquires a flam7e diamctcr of at least 2 cms for
satisfactcry measurement. This dimension is effectively th.
diarater of the exit of the cx asnsion nozzle an .Ld, toe,.cther with
the pressure ratio for the expansion process, detcrm-ined the
throughput of the proppllant and thus the thrust of the motor,
which amounts to about 30 lbs. With this information it \Vs

/immedia tely
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iwjediattly possi'le to desi-n motors on the basis
described by Ziebland (1). In order to give maximum flexi-
bility in,operation, woter cooled motors were desi 'ned for
oi'erttion ct combustion pressures u,- to 40 ats.

2.3. Ignition of Prdpellants.

Ignition can be nchieved in 3 ways :-

(a) by self-igniting fuels.

(b) by solid propellants or pyrotechnic igniters.

(c) by spark ignition.

Since it might be neceessary to have repeated operation
at short intervals solid propellant or pyrotechnic igniters
wcre eliminated. Spark ignition had not been developed
sufficiently and in any case the risk of the electrodes bein.
burnt away was lar.e. Therefore n self-igniting fuel was
selcctcd and experience in Germany hod dhown that zinc-diethyl
was very reliable with gaseous oxy-en and relatively easy to
make. A fuel circuit was designed to allow a small quantity
of zinc-diethyl (about 40 ccs.) to enter the main fuel line,
closely followed by the fuel itself.

2.4. Liechanism of Cohtrol.

The basic principle of the control system wns that it
shculd be as flexible as possible and yet be capable of opera-
tion by the scientific pers.nnel without additional cuxiliary
labour. Since these proofstands were designed as rescarch
tools and therefore would be operated by different scientists
dcpending on the type of measurements required, it was essential
that the control system should be compact, uncomplicated and
well prutccted against possible errors in operation.

Frllowing these ideas it was clear that the motor, once
controls were set, should be capcble of repeated operation fr,m
one master control, preferably by a simple device such as an
electric switch.

Since the mot(rs were intended for use with static equip-
ment (interferometers, spectroscopes etc. ) the d1ired flexi-
bility must also allow movement of the rocket motor while in
operation.

2.5. Safety.

The main sources of danger are bursts in high pressure
lines and burning out of the rocket motors. These can lead
to fragments, fires and possibly a gas phase explosion, but n-t
tr a condensed phase detonatirn as the oxidant used ia always
in the gaseous state. Adequate protection of the scientist
operating the controls (considering the small quantities of
propellants involved) would be given by a concrete wall separating
the mtor and its pr-pellant supply from the control panel.
All high pressure lines for oxidant, fuel and self igniting
liquid must be situated on the motor side of the protective
wall.

/Gen,ral lay-ut of Proof-
stahd.
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3. GENERAL LAYOUT OF PROOFSTAND.

The general considerations cf Secation 2 co a 3uff'icient
basis for the detailed design which is described in this
section. it can be divided i-to a number of more or less
independent circuits.

3.1. Oxygen Circuit.

The purpose is to su,ply o-ygen gas at a predetermined
pressure and temperature to the rocket motor. A pipe circuit
diagram is shown in fig.l.

The oxygen is su,o)lied froc. cylinde,rs at a pressure of 120
ats. The cylinders are connLoted throu,,h a distributor block
1 to the oxygen circuit. The gas 'ous from this block to the
high pressure coil 2a of the h,at cxchancer I, in order to kep
the temperature of thc gas above the freezing point of water.
This is necessary because the rapid (xpansion in the cylinders
is practically adiabatic and any solid (ice) in the gas stream
may lead to failure of valves in the circuit. Th( gas then
cnters the reducing vqlv( 3, which controls the rate of feed of
the oxygtn into the motor. Before procetding to the flowmc.tcr
4 (orifice type) th. gas is led back through thu low pressure
coil 2b of the heat exchanger 2, so that the teciperature of the
oxygen when it passes the flowmeter is practically that of the
heating water used in th heat exchanger, and almost constant.
The gas flow is started or stopped by a high pressure solenoid
valve 5, and is led into the combustion chamber through a non-
return valve 6. A hand operated vent valve 9 clllows the oxygen
pressure up to the reducing valve 3 to be rk!can.

The heat exchanger is of standard design end consists of a
high pressure r-oil 2a and a low pressure coil 2b of a largo sur-
face area so that the oxygen gas is brought practically to the
temperature of the heat exchanging liquid (mains victor) oven at
the highest rates of flow.

The reducing valve 3 is of American design (1'rove Regultorcilif or i I RCDu o
Co. , California) made under license in this country by Fluid
Control Ltd. The flow is controlled by a diaphragm, lo2dcd by
an auxiliary gas pressure according to thL flow required.
Nitrogen is used for this purpose, the flow of ,which to the
diaphragm of the oxygen reducing valve 3, is determined by the
control valve 3a. This arrangement allows rLmote can: rol of the
main oxygen flow from the control panel and has bCn Lound very
satisfactory in practice.

The control panel fig.5. contains th( prcssure gauge Ila for
the input oxygen pressure, the pressure uae 4a for the pressure
at the flowrctcr, the control vIlvc 3a, and the t.ip,r_,turC
indicator 4b for the gas tempraturc - t the flowntLr. The
solenoid valve 5 is operated by the main control switch (see
Section 3.4).

The flowmctLr is -t present under construction. It consists
of n standard orifice, the differential pressure across which is
converted into a mechanical mov,ment by a bellows assembly. This
movement operates a potentiometcr which allows of remote indication.

The check volve 8 and the hnnd-opcratcd vrlvc 7 on the control

/pone1
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k
panel nr(, po-rt of thu nitrog(-n flushing syctu,: dcscrib(.d in

section 3.44.

3.2. The Fuel __LdLiAnition Circuit:

As both fuel :md ignition m-tcrial ,re liquids and the
quantities involved arc smqll, high pressure nitrogen gas is
used to feed them into the motor. A pipe di-gram of the
circuit is shown in fig.2.

The high pressure nitrogcn is lcd from cylinders through a
distributor block 10 into the pipe circuit. The control valve
11 maintains a pre-selected nitrogen pressure on the fuel cylinder
12 and ignition fuel cylinder 13. A solenoid operated valve 14
starts and stops the nitrogen flow to these cylinders and
releases the pressure pn them automatically when it is switched
off after the completion of a run. To stlart, the ignition fuel
is led from the cylinder 13 through the two-way solenoid valves 15
and 16 into the main line, and is followed closely by the fuel
when valve 15 i.s switched into its other position. The two-way
valve 16, when there is no pressure in the system, shuts off the
main line from both cylinders 12 and 13. It does not open the
main line to the ignition fuel until a certain pressure is reached
in the ignition fuel cylinder 13. This pressure is determined
by a pressure operated relay 17, which closes and opens the
electrical circuit for valve 16.

A run is started by opcning the high pressure solenoid valve -
5 in the oxygen circuit (fig.1), and the nitrogen solenoid vlvc
14 in fig.2. Because of the self-igniting fuel, no air or
oxygen must be in the main fuel linE nt the st7,rt of - run. This
is achieved by an initi)l flow of nitrog.n through vrlvc 16.
It flushes the fuel line frcc from air and pruvcnts any oxygen
flowing into it from the combustion chfambcr. As soon as the
pressure exceeds 5 ats. in the ignition fuel cylindcr, valve 16
is operated from the reliy 17, and allows the ignition fuel to
enter the main line.

When leaving the cylinder 12, the fucl is first led through
a filter 18. A flow measuring system, 19, identical with the
one desdribed in the oxygen circuit, will be built int6 the
circuit as soon as the preliminary tests have been completedo
satisfactorily. Before entering the combust.ion chamber the fuel
passes through a non-return valve 20 (which prevents nitrogen
from getting back into the fuel circuit, when the line is flushed
with nitrogen after a run), through the manually operated valve
22 and the non-return valve 21. The latter stops high pressure
oil from entering the flushing line during a run.

It is known that both ignition fuel as well as Diesel-oil,
which is the standard fuel on the proofstand described, absorb a
large volume of gas rather quickly at high pressures. This effect,
which depends largely on time and the gas pressure above the
liquid surface, would cause a varying and unknown alteration in
the density of the liquids and would therefore lead to errors in
the flow measuring system. For this reason it was decided to
separate the liquid and the pressurising gas by pressure tight
pistons 12a and 13a. The contvals 12b and 13b which are operated
by the pistons, indicate when the piston is at the top and bottom
position, that is when the cylinder is "full" or "empty", by means
of signal lamps on the control panel. The total c.pacity of the
fuel cylinder is about 2000 ccs. which is sufficient for a run of

/100
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100 se-Conds at a Jcnb. OT an P '~

tht stoichio,itric mdxtar! . 1 .. .. .tj

T h e vu o. it.mu o the iir i2 t >C 7:-

smaller, only ].40 cs .7 o, a.. t m o, : a. ), t'- i n tins
The piston of the fr, i;Cinc r is fitted ith Yn ir iW s7ic rod
which opertcs the "-iAP_t' "sii zftare th( -,lt h''s reachedn &s o u - - --g n d -r d c o n Cl oit,j. .. 2 a s
its lowest position. Auig tandard . io , .,, . 20 a t
combustion pressure, stoi chi-c-tric mixtr' r ti ,a 34 lbs.
thrust, there would b,- a tini interval C,r)utL 1 G sea.- b(forG
the fuel cylinder voo comp!htty empty. Within thrt tim, th,
run has to be stopped in oru er to pr(i_nt th, f'lm< from entering
the fuel injection syst-n after the-delivery - fu)f has accased.

Refilling of the fuel cylinder is done by a h-nd-operated
piston pump 23 from a fucl storage tnk. The fuel cntrc the
cylinder post a three-way cock 24 and a hiqh-preau.re stop vrivc_
25. The three-way cock enables the pressure to b caaud aft,r
the filling and the fuel cylinder to be draincd.

The ignition fuel cylinder is rLfillcd in a similar ;,-,y.
A storage vcssel is pressurised by nitrogen gas -nd th liquid is
fed into the cylinder through the stop vflve_ 26.

Both cylinders 12 and 13 are similar in d,sirn 'nd differ
mainly in size. Fig.3 shows a cross section through the ignition
fuel cylinder 13.

The two-way solc>noid valves 15 and 16 -re of norm,71 p-tt,rn.
Valve 15 can only bk operatLd ,,hen there is little Or no pressuru
difference betwen the two cylinders 12 -.nd 13. This ftWture,
being part of thL safe_ty a rrrngcmcnts, :ill 1 ula: a 9t S ati
3.43. After thc completio-n of ; run. WI > 1 1 'a it. d
into its st-rtin,,- poiti n thus ,-n cti a tn ,I- in "n i 11
with the nitrogen flus.in, line. C"intc t"' its dt._ I a IT
amount of fucl then r-ntcrs the nitrocen lin-. An 'il tr- ra. ,

with drainIge cock 2B, prevefnts -11 frori :.in; t, valv. 14,
by leakage.

The instrumentaticn on the cantrol p n- fiA. , ,,..lua.s
pressure gauge 29 for the nitrogn cntry pressure, -,d a , uge 30

for the reduced pressure> acting on the pistons .f th. ylindcr.
The fuel pressure and its temperature, nar th finn m(suri g
orifice, are indicated by the pressure gaugc 31 'nd the rKaiot nr

thermometer 32. At a latcr stag., a remote indich-tins2 differential
pressure gouge 33 will be added to determine the rat. K flow of
the fuel.

The manually-operated reducing valve 11, which m i-tins the
pre-set pressure in the cylinders 12 and 13, is also fitted on the
control panel, together with the signal lamps which indicate the
"full"and "empty" positions of the pistons in thes cylinders.

A vent valve 33a on the nitrogen distributor bl-ck 1C alows

the line to be vented.

3.3. The Coolant Circuit:

The high thermal loads on the combustion charber and the
expansion nozzle obtained with the propellant combination oxygen-
Diesel oil, require a suitable co)ulant and an efficient co ling
System.

/F or
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For general purpose experirients water has been chosen as
the most suitable coolant, but provision has been made in the
layout of the circuit, as shown in fig.4, for the use of other
liquids as coolants.

The coolant is fed from a storage tank into a centrifugal
punp which delivers it at a pressure of about 35 ats. through
the main stop valve 34 and the filter 35 into the distributor
block 36, whence four independent coDling lines branch off for
the cooling of a corresponding number of sections on the rocket
motor. At present, only two of them are in use; one for the
cooling of the actual combustion chamber, the second for the cool-
ing of the expansion nozzle. After passing through the cooling
channels in the combustion chamber and the venturi, the coolant
is brought back over a pressure operated relay 37 and a throttling
valve 38 into a collector block 39, from which it is led back,
through valve 40, through a common line into the co,lant tank.

The adjustable throttling valve 38 fulfils a dual purpose.
First it controls the rate of flow of the coolant in that
particular line, and secondly it keeps a back pressure in the
exit line sufficiently high to prevent vapour formation in any
part of the cooling channels of the motor. The coolant water
relay 37, which is described in more detail in a later section on
safety devices, shuts off the main propellant valves if the rate
of flow of the coolant drops below a level which is regarded as
a safe minimum, or prevents the propellant circuit from being
switched on if there is an insufficient coolant flow or none at
all.

At a later stage a flowmctcr 41 will bc built into the entry
side of each cooling line with remote indicating differential
pressure gauges 42, similar to those .lentioncd in the description
of the propellant circuits. A resistance thermometer 43 allows
the entry temperature of the coolant to be read on the control
panel for calibration purposes. The entry pressure, which is
constant for all lines, is indicated by the pressure gnuge 44;
the four different exit pressures by the gouges 45.

In the actual lay-out, valves 34 and 40, the filter 35, and
the connector blocks 36 and 39 with the adjusting valves 38, are
built together as one unit which is fitted on the control board
to allow manual control and adjustment._

3.4. Safety Devices:

The devices described in this section are portly for the
purpose of minimising the results of the usual types of proof-
stand accidents, e.g. bursting of high pressure lines, but
primarily to prevent accidents from errors in opuration. As a
general principle, all pipe lincs to ma: suring and control instru-
ments on the control p-nel arc fillid either with nitrogen or i
non-reacting fluid.

3.41. Master Control:

As all the valves in the propcllant feed lines arc operated
electromagnetically, it is possible to have a single switch 46
(fig.5), which is itself controlled by n key switch 46a, as a
master control. This key switch hns two positions. Only in the
"off" position con the key bc inserted and extracted. In the "on"

/position
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Position the energisi.o4 povier 6u1.)-L)ly ing,4 tht

solenoid valves is svvitch(d o-r T Th. 1 t," 1 C C is
shoym by the. voltrnctLr zL7 ori t,hL,rrnt by th,.,>tP U
the sign,-al la,mps 4-9 a_-nd 50 ma.~i tirth( -, < 1aVu
cylinder and the O1dm cylineeLa r a r_ full, _.cht,y , or -p,.rtif)lly
full.

The sing1t, swoitch 46 h-,s t hr poSitios LOS aull position,
ignition and main fuul., "iViici- it is s,,-,1tc1-Ld tD) ti-e- "ignition"
position, valves 5 in thi, oxyg,_ circuit -Ind 14 in th(e nitroge_n
circuit orc opene,d f-nd aft(r the_ re_la-y 17 ha s ear'sdthc two-
*ay-valve 16 (scLe section 3.2 for dct-i1s of o---aIn) , the
ignition fuel ca-n flovi into the_ coibustion ch, aflte(r. Thu switch
is then rnnu' 1ly move,d to the "fuel" posit'Lon whei,re_by theC t %-'o-a y
valvc 15 is cnLrgisEd, th-u?, cl,.)in,- th-' ir7ni4tion fuLl lin,, mnd
opening thc. ma-in fu(,l lin(, :t tl,,( s-me time. The_ run is stoppu,d
by turning thE- ke-y switch 46a- to thu, "off". position, a s a- re-sult
of -wihich 711 solcnoid v1 v(_s -re. clcsu,d. It should b , stre,sse_d
tha,-t the starting Circuit c! n only b- u nurgise_d '~nthe, sin,,!lc
switch 46 is in thu "null" position, ~..if thu sw,,itch is in
the "ignition" or "1-fucel1 position w-he-n the ke,y switch 4C-o is
turned to the "on" po3_ition no powe(r is suppli(ed to thE, solc-Toids.
This is nchieved by elLctrical blocking rela,-ys.

In this way the sequenc(3, iqi which the va)lves- -ire op(_ncd,
is strictly controlled so th.-t -, run ca,,n be sta,rte,d only from th(_
"inull" position.

3.42. Coolinf- WaDter Relciv:

If the raite of flow of the-- coolinF, w,-t-r flshI 1- at
adequate to ma, inta,in th,_ coolino_ of the meotur ith_-r 1:o,r
mchanic7il reaea,Lns (block,-g,- in the linlu ctc. 5, r c - u & se tfle
coolaint w -ter asnot turncd on, thm maotor w ,ill I Lrn out. In
order to aDvoid this, echCl cool_ ing line- cont-ins rela7y 57 (f ig. 4)
in the outlet line, which remains ope-n only adbove a prC-s(At
differential pressure -.cross an orifice,(, i.e-. -)i(-v m i-inimim ra te
of flow. Unless this re.la,y is op.n no p)ov.er r-- 1C, ou-nli,,d to
the e-lectrica,l circuit and thus no solu_noid -,iT-v,_-: :-m bU op iTecd
or kept open whatever the poiio -f thim m L tuP0 oro

3.43. Control of Fuel Suppl.

As describe.d in se.ction 3.2, thL t1-oy~15 d,_turmines
whether the ignition fue;l or the main fue-l fl,)Ii.si int,- the1( comwbust-
ion chomber. V;hLn not (.ncrvised, this va lve is owe_n t~ th
ignition fuel. It cannot opcn to the maiin fuel until tihe. pre,ssure,
difference bctween the fuel cylinder 12 a-nd the ignitic'n -fuel
cylinder 13 is below 1C p.s.i. is the vallve 15 wlill not cha nge
into its other position viith a pressure differLrnc greate,r thnn
this amount across it. This me_ ns thct, if the man in fucl prcssur-
ising circuit is blocked, only igniting fue,l C n ente-r thc; mo,to_r
but, if the ignition fuel prcssurising circuit is blocke d,
neither ignition nor ma,-in fuel c-n ente-r thc m(_r Lu it hec,r
ignition occurs, or, if it fa4ils, no- cambustiblc mixture_ Dif atom-
ised fuel with gaseous )xygcn is ejecte_d fr-m the m)t,)r.
The ejection of such a mixture is also impossible if the ignition
fuel cylinder is empty since no pressure can be built up in the
line to valve 15.

/3.44.
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3.44. Flushing System:

There are two nitrogen flushing systems, one manually
2ontrolled, the other automatic. The automatic system coiaes
into operation at the beginning of a run. , ihen the master
control is switched to the ignition position valve 14 is opened
and nitrogen can flow through valve 16 along the fuel line
into the motor. This ensures that there is no oxygen or air
left in the fuel circuit. When the pressure reaches about 5
ats., the relay 17 comes into operation and valve 16 changes
position so that the ignition fucl can enter the combustion chamber.

At the end of a run all the circuits can be flushed with
nitrogen by the manually controlled valve 7 for the oxygen circuit,
and 22 for the fuel circuit. In this way, all the piping is
made ready for the next run or safe for inspection.

4. STAND FOR ROCKET MOTORS.

For heavy static equipment such as interferometers, spectro-
meters etc., considerable time and effort is required to obtain
satisfactory optical alignment. In the case of' measurements at
different cross sections of the exhaust jet it seemed to be more
practical to carry out the necessary relative movements to the
measuring instrument by moving the motor, or rather, the stand of
the motor which is rigidly connected with it. Such an adjustment
of the relative position of the motor is also required during a
run; thus the controls must be operated from the control panel.

Three directions of movement, at right angles to one another
(rectangular coordinate system) permit any point in a certain
space to be reached. One direction coincides with the axis of the
motor and thus with the axis of the gas jot. According to most
experimental requirements, the second main direction is thet4erti-
cal one; thus the third coordinate lies in a horizontal plane,
determining the horizontal distance from the jet axis.

For many measurements ind investigations, because of the
rotational symmetry of the gas jet, positionol adjustments will
only be necessary in the vertical plane through the jet axis.
Therefore, remote controlled operation of the adjustment during
a run is provided only for the vertical -nd horizontal movements in
this plane, while the trnversing movement is mrnually opcr7ted
before or after the run.

These principle requirements of movement combincd with the
necessity for facilitating the disassembly and adjustment of the
mounting of the actual motor, led to the design of a three-
coordinate rocket motor stand for the miniature proofstond, which
will now be described in detail.

The entire stand for the motor, shown in assembly in figs.
6n and 6b, consists of an adjustablc clamping device I, for the
motor itself mounted on the head of n pendulum support II, which
is rotatable about the axis P-P. The pendulum support is fitted
on the cross-slide III, which itself again rests on a vertical
adjustable column IV.

The clamping device for the rocket motor (fig.7) consists
mainly of a bottom clamp 1 mounted on the top end of the pendulum
and a detachable top clamp 2. Both are shaped prismatically inside
in order to take the cylindrical casings of the motorp. A fibre
lining 3 on their surface provides protection against damage to
the casing. By means of the clamping bolts 4 and thc-nuts 5, the

/top
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top clamp 2 can be pressed against the motor. Tle bolts 4
are of adequate leng t h to take meter casxnvcs cf ,,"wious
diameters.

It was necessar.y t, -ahe the claming devict s, that it was
adjustable in order to allow for perfect alignmcnt of the axis
of the motor with the directions of movLmeLnt of the cross-slide
III in figs. 6a and 6b. For that purpose, thc bottom clamp 1
rests in the pivots 6 and 7. Pivot 6 is mounted in the top part
of the pendulum support while piv,t 7 rests in thL bottom clamp 1.
They are connected by the cross piece 8. Pivot 6 allows a
tilting movement in the vertical plane for making thc centre line
of the motor horizontal, while movements around pivot 7 allow the
axis of the motor to be brought into alignment %"ith the axial
direction of movement of thc cross slide. The necessary adjust-
ments are transmitted to the bottom clomp 1, through the bolt 9,
by means of two manually operated spindles. By turning the tubu-
lar nut iC the two bolts, 11 with right hand, and 12 with left
hand thread, arc enoved in opposite_ diroctions thus causinc an up-
ward or dDwnward. movement about pivot 6. OncL th(. horizontal
position has been attain(d, the lck nut 13 fix,,s thu cdjusti,tt.
The top end of bolt 11 rests in a self-;ligning b 11 r c . to :ll w
free movement in all directions, while th. f)rkCd -nd of b,-It 12
is fitted with a bush h-ving -female thread. By turning th,
handwheel 14, which is c )nnect,,d with thL spindle 15, - tr aversing
movement about pivot 7 con bc c rricd -ut. T- -vid unw ntLd slack-
ness in the m-unting owing t-- the various pivots id j -ints, the
adjustment of the clai-ping d,vice c-n be scur- d \ith l:ck screws
16. Figs. 10 and 14 shaw the claping device, t,7(ther w, ith
rocket mmt,r Rl.I -r RLI.II.

The pendulum support consists of a streamliniwd, t lin-",all d
steel tube 17, part way through which so ae of thu pipe-lires going
to the motor ape led. On its top end a square light alloy block
18 serves as support for the adjustable clamping device. The
bottom end of the steel tube is screwed on to a yoke 19 (figs.8a
and 8b), which contains th(_ bearings 20 (solf-aligning brll-raccs)
for the two pivots 21 mounted on Lach side of th cross slide.
A U-shaped frame 22 is screwed on to the rcir.of the yoke. On
its bottom end a carriage 23 can be movLd along guides. This
carriage contains the thrust bolt 24 for transmitting the thrust
to the thrust measuring device, a simple liquid-filled bellows
assembly. By moving the carriage 23 with the hclp of the spindlG
25, the distance "A" in fig.8a can be varied the ratio 1:2.
The force actually applied to the thrust measuring device depends
on the ratio of the distance of the centre line of the rocket motor
from its pivoting point (distance "B" in fig.8) to the distance of
the thrust bolt 24 from the vertical linc through the pendulum
pivot (distance "A" in fig.8a). As distance "B" remains practically
constant the thrust applied to the bellows can bc vfried within
the same range as the distance "A". The alteration of this levLr-
age is essential to bring the pressure in the bellows within the
range of maximum sensitiveness of the indicating or rLcording
instrument. The top part of thu frame 22 c-rri.s - hL-vy l.ad
block to give an initial loud to the bellows asseLibly. Th,_ lock-
ing bolt 26 (fig.8b) pri,its the setting of the c rri-: 23 to
be fixed. An H-strut 27 betve,un the paarts 22 -nd thk heand -f the
pendulum 18, together with the two adjustable drarLars 28 on each
side of the yoke 19, increase the rigidity of the stand.

The thrust measuring device consists of a bellows assembly 29
filled with a non-compressible liquid. A thrust transmitted to

/the
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the bellows causes the pressure in the liquid to rise and thus
a simple pressure gauge can be used to indicate and measure
the force acting on the bellows, which is linearly dependent
on the thrust of the rocket motor.

This arrangement has been found very sensitive since there
are no sliding parts such as pistons tc., which might cause
errors in mEasurement owin, to unknown friction effects. In
order to avoid exposure to forces other than those transmitted by
the thrust bolt 24, which mainly arise when moving the thrust
measuring device into a different position, a cylindrical casing
30, connected to the carriage 23, can be joined to the bottom plate
of the bellows assembly by the ring nut 31. For this purpose
the bottom end of the casing 30 is threaded; the ring nut 31 has
a plain cylindrical end which fits into a spigot on the bottom
plate of the bellows assembly, and when screwed upwards the ring
nut comes off the cylindrical guide and thus allows free movement
of the bellows. But if it is screwed downwards it comes to rest
on the bottom plate and a further movement lifts the thrust bolt
24 from the bellows assembly. The transmission of the thrust then
takes place from the carriage 23 through casing 30 and the ring
nut 31 directly to the top side of the cross slide. The thrust
measuring device is thus put out of action, as is desirable when
no thrust measurement is required, or when assembling of equipment
on the stand threatens the sensitive bellows. In the lntte case
it is essential to block the movement of the pendulum. This can
be done with a C-shaped clamping device 32 which is supported in

the frame 22. By turning the spindle 33 the pendulum is fixed to
the cross slide and a lock nut 34 allows it to retain that position.

The cottom plate of the bellows assembly is provided with a
rectangular groove which fits closely in a key 35 connected to the
top of the cross slide. Thus the bellows is kept in the correct
position when being moved to alter the lever arm "A".

The pendulum support is mounted on the cross-slide III (figs.6n

and 6b) which is shown in greater detail in figs. 8o and 8b.
Two of the three movements required, i.e. the movcmLnt parallel to
the axis of the motor and the traversing movement in the same hori-
zontal plane can bc carried out with it. The cross slide consists
of the upper slide 36 for the axial movement rnd th. bottom slide
37 for the traversing movement. The slide for th. axi-l movemcnt
is driven by a hnndwhecl on the control p ncl (fi .5). The move-

mcnt is transmitted over q shaft with scveral univercsel bail jrints
and two bevel gears 39 and 40 to the spindle 38 wlhich is supported
by two self-aligning ball races, while the movemeint of the tr,-versing
slide 37 is controlled on the stand itself by the h-ndvhcel 41 and
the spindle 42. If required, both movements cln be lockcd with
the clamping bolts 43 and 43a. Adjust-blc Vcrnicr rings 44 on the
handwhcels allow the trav6l of the slides in both directions
to be adjusted to n tenth of one revolution, i.c. 0.01", which is
sufficiently accurate for all the measurements envisagcd.

The cross slides with the pendulum support rest on a cylindrical
column 45 which slides in n casing 46 and allows vertical adjustment
of the motor. The movement of the sliding column is carried out
from the panel by turning a handwheel (see fig.5) which drives a
shaft with several universal ball joints. The movement is trans-
mitted over the bevel gear 47 to the spindle 48. A double tOfu1t-rust
bearing 49 carries the total weight of the movable parts of the
stand and ensures absence of play in the vertical adjustment. The
casing 46 itself is rigidly mounted on the grating of the proofstand.
A general view of the stand as set up is given in the figs. 18 and
19.

/5.
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5. ~~~DESr<0 $ft< C,].

Thu;> Oi i 1 2-OW tL.L I i 1iiP'

ha vie alrecIt v- 1 a.< U.-n rnt
with these i c1oac v r" 7. Batups h: r d %.,jill
now be discussed.

"Rocket 11otoJr 1, J,ci L " " 9. j L F ; p,5tterii

which has been used us;Lj U i;vit_ zo s-_1'-' x' ,co(sfs ri sIUroh
,-(see r _f.l). T e , i ... - d t : -

norii-al r<z 1"n o i- SIX3O 1o. 0 t

thrust .. 1kw.

In order to Stni'l 0 (,) oifL' (h>A l tj tliu,
combustion ch;Iit-r> <rn mu: rat.hr 1 woo for t1l, srmll propl!ant
throughpdt, thutl )-ni. tin , th Uwth . ..

Tn(, coi-ib L ,,,,,,1 O' ion o-'iLts I .ol i i V o t 1
with helical a_ , oi its, out(_r ourf,.- to ooovu th, forcecd
flow of cool Vt. Nu mu th- x1 -11 n-_ nozzle ti: ili(,r is scri o ,y,ud
tightly into on Lnidis i,_ light oo tul loll L , n il tl otuffir-u
box 3 prevcnts o l iok3zmu of th cool it t th cpposit,, _nd.
This arrcncr_nt prinintt s f X L rK X on of th ir i in t h
casing 2 which i t 1 on. in temperature. Thir fA_h con>n . tors 4
situated at both sid(-s of th( co,ibusti- m,h, mr th, cool-nt is
led into and brought out of thk cooling ch,nncls (c fig.lc).
Provision (5 in fig.9) for measuring thu comiustion prssu is
made at the entry to the expansion nozzle.

The fuel 1L led into th 0  iStOr Onhow 2 d ,
cylindrical injcotor hc,dt,r-- 6 to .... . .
by the connecting screw S. T k'- 1>-. t- 1.
are screwed togLthtr tightly. Th( injU'tLoni preosuic for this
type of injector is 10 to 15 ats. above tht com-bustion pressure.
Exp-erience has shown that the Dtomisotion obtoinud with this
injector is not only very fine but that th( drol t siz( is fiirly
uniform.

Oxygen is brought into thu_ ril inir% annul '- rcn formed b

the injector holder 6 on th( reduced unt of t ;o . i
the cntry into thu co-i Lastion spo( thi _ o oul - mu ii d f'-ut 0
to a width of r,out .04' in order to rdre 'so rt fi r 1 : Yity "n3
thus prevent fl1shL-c, into the OLy <a i0u. A 2 lo ity f
about 120 m/sec. (400 ft/sw_c) h 1 far th t
purpose. Four sr.i'1l s hiots at hb, t mu .. _ - ta 9

serve to cLntrL thtu injk_ctor inm I to, oo Y11 of thn.
oxygen annulus.

The exp nsion nozzla consists af - in t I(
surrounded by a bronze rinL 11 in, .to h lv 9hJic'h ; r-, zt Cd
together rftcr assei,ibly. roove s Oir cut i n th;_ i . su i f' c
of the p,-rt 11 to guide thi col iat with th, r co iwd v 1 1 ty.
The coolant is broucht in -nd lud out thChu 'I ow: o i ma: t oh
side of the nozzl sue fit- ii :d7s.ll uit 12). tkL) th.
flange ring 12 and eight studs 13, th. r-ozzl( is cano ot>d to thu
combustion chamber. Fig.11 sho'is -n Lx_) Us i-)n noz(_xl u!-isi-lod
in its casing aInd fig.l" without it.

Three nozzles were dusio-ned :,rd constructcd h: ving thr,oat
diameters of 0.449", 0.3251' and 0.232". The c)rr(sponding coin-
bustion chamber pressures, for const-int [ropull'nt throughput,
are 10, 20 and 40 ats. ruspctivuly. /or
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For many experi,aents on fundamental probleTis connected
with high pressure combuetibn, the variation of certain
characteristic sections of the motor are an absolute necessity.
Hitherto this problem has been solved by building the required
number of different rocket motors each designed for one specific
purpose only. This method is not only expcnsivc but also
severely lir.its the number of possible variations. It seemed
desirable to try another approach by separating the motor into
a numbcr of characteristic sections with all the parts freely
intcrchangeablc.

The first step to the realization of this idea was the
design of the rocket motor RM.II which is shown in figs. 13 to
17. The entire motor was dividedittothe following main sections:

Expansion nozzle
Combustion chamber
Injector for oxygen
Injector for fuel

This allows a far reaching interchangeability and range of possible
variations not only of expansion nozzles and injection systems
but also of the combustion chamber itself. Combustion chamber
sections of different lengths and diameters can be combined to
form a unit as required.

For practical reasons the expansion nozzles developed for
the motor RM.I will be used for this motor too, and the flange
dimensions on the combustion chamber are designed accordingly.

The combustion chamber consists, as before, of an inner
copper liner 1 which is screwed into the anodised light metal
casing 2. Spiral grooves on the surface of part 1 ensure forced
flow of the coolant. The inner dimcnsions of thL combustion
chamber, i.e. diameter and length arc the same as for R_I.I. The
coolant enters the combustion chamber through the connector 3
and is brought first into an annular space b-twccn thc liner 1
and the casing 2. From there it flows through the rectangular
cooling channels to a flow guide ring 4 situatcd ct the injection
end of the chamber. This ring 4 is designed so as to permit
the flow to the following cooled section with a minimum of friction
and shock losses. Fig.15 shows a rear view of the combustion
chamber of RM.II with the guide rings 4. A pressure connection 5
is provided at the end of the combustion chamber for measuring
the combuation chamber pressure.

Gaseous oxygen is led into the oxygen injector (fig.16)
through two unions 6. It then enters a distributor chamber from
where it flows into the combustion chamber through 18 holes of
.04" dia. These holes 8 are drilled tangentially (see fig.13
section BB) and are arranged in two planes in three groups of
three holes each, giving opposite swirls in each plane. A good
distribution of the gas and good mixing with the fuel is presumed
to occur with this type of injector. The surface is water cooled.
Cooling water is led from the guide ring 4 of the combustion
chamber through three helical channels 9 (see figs. 13 and 16).
The whole injector is made of several copper parts which arc
brazed together.

The fuel is fed through the union 10 into a distributor space
11. Four symmetrically arranged swirl nozzles 12, which are
held in'position and pressed against the injector plate 13 by two
flat springs 14, inject the fuel into the combustion chamber.

/The
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The surface of the injt_ctor plate_ 13 is 1-i~4 '~ -oa~ hj(,h
hais alre;ady passed throuih. th _ ('~ij h% : < Om-
bustion chamber and t.hc, oxya.:er injuct>r. 1 'u i.a

the tuntry (st-c figr.l7) permit thucoolai-ut t- ;r>u vJitu1O
ring spac_ 16 which i_s forrfe(d 1r thu_ inucr 1O.1 the,
casing 17. Four holLs 18 drilliud r-adiallly ',nd s1tu_-t(,d
bctween the swirl nozzlus 1Lo,d the acla-nt to ai > ntr'ii c-on-
ncector nnd through thu, I anjo Lopi 9it i.uI iu

The oxyge nai fUlI u'csa rwut''t~ ymas
of the studs 20. Th(, ful 6istributor spa> (. 1 is Ic closcd by
cover pla-tc 21 which cont-,ins - self-sk_ li1ir U-sh1 .d rubber
ring 22 to sea! frcxci th. fue_l, :..rtd L.tuff ino ' , 23 to 1,
the, wQter exit lifl(u. A ouo1dr-in -'a hll,. 2,11 Qi ~s ' oii
leakages aid, -A th n. tii,i,, Ii vet tn>i 11 § fn i-L 1 n d
the cooling w tcr 1;jhich Lut "Lh1is 2 o,Jirt un_ri v url diffi' mat
pressures.

6. LXPhLLg-Ch PROC1'OQacSTAJv1' IAII.

Thu proo--fst",rid ;,chiclO is deori1'(d lri t1iics ra. prt,
while incorpoi-ting mnavy jf th _ fku_ turr a th.. otl)ra rpu
proofstacids, w-ts sl)ucific-'ly desiva(_d for i:onl ttereo. ti-)I,.
For this rcu-Ison thu motor is riot u,nclose(d -nd is p1 '.u in thu_
ce,ntre- of 1wb--,y ini .rdcr t eliimiu P _iRtio) l, _f,-ts C f
the ra,dia tion.

To da tL, 80 ruris :w;ith -tot 1operiri tim(u o f -but 160
minutes ha ve been cnrricd out sAtisficto ri1y. ThL l-rngest run
has been 5 minute-s )t -a coi-i-usti-n prcssurc :) 16 'ts. Durino
such long ruris the ope.r ,tinq orvti no Yv s vu (_a '<4 ' a 'v->t,
no aidjustmentL3 being n.cccas.',ry. Tr. -th(-r upim .rv

have bcurn st-rtu-,d 'rnd str.pnr_d )ver pe_r1,ad I ' ,1, _'I I,h,-ut
a.ltering the scutting of thu otr .

In the early runs ca-rbon dioxidu wa urw d tr'iic. pr(,: surisinaJ
gas as it is supplied in li.quifiu.d f"_'rm a-nd th".o 1': iveri
cylinder copa city the tota l gais volume- oUbt ir-I1 . uc agr
Secondly, it wa,s intended to use ca)rbr n dii -xide_ di .'ir ,
extinguishing circuit. The pressurc obtOiiriuI'I frrf th,_ cyl,T ind('.r s
depends markedly on the ambient temperar, ribe"e this,
wice found infdequate in winter. Itws do borvu tY
during the flushing Df thtu line2, r'-pid -di- .'ti:' c,xE)-nr,in t'
the gas led to formatiDn of so lid ca,rbon di:,xidu <I:_'th 0 UuCcuYnt
blockage and fa-ilure of va,lve,s. Th _ i: n itK i -n f(uIur,
large quantities of c' rbon di,)xid, ''ic _ld _L oI; Ui_ in
hnndling, for on rclc7siri- the pjru_sEurt_ _ri th_ i-n i t>i fuel1
cylinder the dissa lved gfas c-Lmc out -1 L- lut i a U ad du1 T -nd
ejected ignition liquid thro,:uch thuLue> V V.- Fr the_se,
reasons nitroqen is rio: Ucu_d a s p)ressuriErln-'7

Apart from,r the-se difficulties r',id tli_ !--ti- f ziric-(-ict,-yl
on the seatings o)f va,-lvLs (minimised by dequ-itu_ fluoching) , thu_
equipmecnt ha s furicti-riLd 7's pl:,nncd arid n-, m j'r ltcr-ti a h!-s
been necessary.

Both rocket motors, Rl,'.I (fig.9) arid RI.11 (fi_L.13), have
been tested and each has behaved satisf,-ctorily. Although most
of the runs have been carried out v,ith R1-.I, tht.ru: ha,ve been a
sufficient number of long runs 'oith _-1a.I1 to provt- the usefulness
of the design. Fig.20 show's the proofst:-id ",V' during D ri4n
with rocket motor Rh1.I at 10 a7ts. combustion pre,ssurte; fig.21
gives a close-up view of rocket motor PP1,,% durin,o operation at the
same pressure. /h
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The general arrangement of the components, of proofstand

"A" is shown in figs. 18 and 19.

7. FUTURE DEVLLOPIMENTS.

The favourable experience obtained with the first miniature
proofstand "A", fully justified the earlier decision to erect
three more proofstands of this type.

Although there was every reason not to change the principles
of the layout, it seemed desirable for fundamental work on
spectroscopy, heat transfer, radiation etc., to widen the possible
field of application by adding to the liquid fuel circuit a
second independent circuit for gaseous fuels, such as hydrogen,
carbon monoxide, methane, etc.

As these gases arc taken from large high-pressure gas cylinder
batteries, with an initial filling pressure of over 180 ats.,
it will be possible, with the existing valves and control units
in the gas circuits, to increase the combustion chamber pressure
to well over 100 ats. Furthermore, the total running time, which
was previously limited by the size of the liquid fuel cylinder,
can be increased as desired up to about 30 mins.

The addition of another fuel circuit, and the experience
gained so far, call for a modified ignition circuit. It will,be
completely independent of the fuel circuits. There will be a
separate nitrogen solenoid valve for pressurising the ignition
fuel cylinder and a pneumatically operated feed valve to close
the inlet into the combustion chamber.

Certain spectroscopic work requires the complete absence of
adventitious impurities in the combustion gasts "-jhich the use of
zinc-diethyl as ignition fuel might introduce. Spark ignition
is an alternative and suitable devicLs arc bcing developcd to
prevent damage to electrodes aftcr ignition has taken place.

All propellant lines, both for gases and liquids, will con-
tain remote indicating flowmfters which will also allow ratio
control of the two propellants. The cooling lines will have the
same flowmctering arrangements, combined with adjustable minimum
contacts on the instruments to perform the function of the pressure
operated relay 37 in fig.4.

For runs with liquid fuels the rocket motors RM.I and RM.II
will be used again, but a new injection system has been designed
for gaseous fuels, in the first instance, f.onihydrQgen.

Interesting new combustion chambers arc now under development
for certain basic investigations, e.g. a combustion chamber for
heat transfer studies, a rocket motor for extremely high combustion
chamber pressures up to 160 ats., and a combustion chamber with
windows permitting direct axial optical observation of the interior
of the combustion chamber during operation in order to study flow
and mixing problems, properties of gases under high pressure and
temperature etc. The windows will bc fitted into a cooled
rotatable cylinder so that they will only be in contact with the
combustion gases during the time required for observation.

With these new proofstands and specially designed rocket motors
research tools will be available for carrying out an extensive
research]arogreamcn high pressure combustion.

/8. -Bibliogra-Phy.
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FIG. 1. OXYGEN CIRCUIT.
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FIG. 3. IGNITION FUEL CYLINDER.



42
4'-4

43i

I ()= -45

363

35
34 4

FROM HtGH PRESSURE RETURNED TO
COOLANT PUMP COOLANT. TANK

FIG. 44. COOLANT CIRCUIT.



m ~puft a OL om1

ofommu

46

44- -AI - -43~

4- 0000 W!©

40- ©0©0
PO l-W A

47 4

AM,

4.ON-- Z=,

S

ON CONTROL PANEL.



A

/0

FIG. 6a. THREE-CO-ORDINATE ROCKET MOTOR STAND
FOR MINIATURE PROOFSTAND.



FIG. 6b. THREE-CO-ORDINATE ROCKET MOTOR STAND
FOR MINIATURE PROOFSTAND. END ELEVATION.



FIG. 7. ADJUSTABLE CLAMPING DEVICE AND HEAD OF

PENDULUM SUPPORT FOR ROCKET MOTOR STAND.
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FIG. Sa. BOTTOM PART OF PENDULUM SUPPORT,

CROSS SLIDES AND VERTICAL COLUMN.



FIG. 8b. BOTTOM PART OF PENDULUM SUPPORT AND CROSS SLIDES.
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CO~OLANT OUTLETCOLN 
S

FIG. 11. EXPANSION NOZZLE
WITH CASING

FIG. 12. EXPANSION NOZZLE

WITHOUT CASING
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OXYGEN INLET 6.

COOLANT CHANNELS 9.

INJICTION HOLES S.

FIG. 16, OXYGEN INJECTOR OF ROCKET MOTOR R.M.11.

GUIDE VANES FOR COOLANT

4 ININCTION HOLES

FIG. 17. FUEL INJECTOR OF ROCKET MOTOR R.M.11.



UNCLASSIFIED

FIG. 18. GENERAL VIEW OF MINIATURE PROOFSTAND "A"

& FIG. 19. GENERAL VIEW OF MINIATURE PROOFSTAND "A"

UNCLASSIFIED



UNCLASSIFIE0.

FIG 20. MINIATURE PROOFSTAND "A'

L)'-R;NG OPERATION

FIG- 21. ROCKET MOTOR R,M.I.
DURING OPERATION AT 10ATS COMBuS71ON CHA MEER PREStUltE

UNC"LASSIFIED
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